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Atmosphcric COZ and Mcthanc (_oncentrations
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Since the Industrial
Revolution began in about
1750, CO2 levels have
increased nearly 40% as of
2012 and CH4 levels have
increased by almost 165%.

current CH4 levels: 1800 ppb

Source: WMO



Rcsul’c of the Grccnhousc E_wq:cc’c:
Increase in G]obal Tcmpcraturc
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How is Methane Produced

Mcthanogcncsfs: the formation of methane bg microbes known as mcthanogcns.
[tis Producccl anacrobica"g (without the presence of oxggcn)

Water Tahle

Water table position controls
partitioning of respiration
into CO, and CH,

ln \/egctation

Three conditions are needed to produce methane: ]
(1) microorganisms, In Ruminants

(2) (2) organic matter (l'e' dead plants) and Methanogenesis occurs in the guts of humans and

(3) (3) an oxygen-free environment. other animals, especially ruminants. In the rumen,
anaerobic organisms digest cellulose into forms
usable by the animal. Without these microorganisms,
animals such as cattle would not be able to consume
grass



Grecnhousc Gasscs and Mcthane

259x more Potcnt than COZ

H: i tonne of COZ has a ,
warming Potcntial of 1,then 1 Ci4 short lived: 8-12 years

tonne of methane has a warming
Potcntial of 2 5

Even though methane has a low profile, it is responsible for about 20% of the enhanced greenhouse effect



Methane Cycle

OH

Tropospheric destruction of
methane by hydroxyl (OH)
radicals is the dominant sink
for atmospheric methane.
Methane in the atmosphere is
oxidized, producing carbon
dioxide and water. Some
microorganisms
(methanotrophs) found in
soils use methane as a source
of carbon.

Methane Sources:
A.Mining and natural gas leaks
B. Agriculture: ruminants

C. Landfills

D. Agriculture:rice paddies
E.Natural wetlands

F.Hydrates Source: NASA GISS




Mcthanc Sourccs
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Anthropogcnic Sources of Methane
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Reducing Anthropogenic Methane | missions

60 % of CH4 is produced by human-related activities. Changing our ways
could help to reduce the amount of CH4 in the atmosphere:

-Rice fields: dry rice farming; new rice varieties; draining and reflooding
during growing season b
-Landfills: planting trees to prevent rainwater accumulation; covering so that - P
rainwater doesn’t reach ground: less production of trash <
-Livestock: better feed and better grazing management
-Fossil Fuels: reduce leaking transmission lines

Methane can have a big effect on climate change. Finding ways of reducing or
reusing methane produced by human activities could be a relatively quick and |3,
easy way of reducing greenhouse gas emissions. ‘
-collecting methane from landfills, oil refineries, and coal mines and using it
as an energy source.
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Models have shown that a 1 degree increase in
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Soil Moisture Active [ assive Mission (SM ADP)

Source: JFL



Methane in the Arctic

The Arctic is potentially a great source of methane
production, having: temperature, organic matter
availability and water.

These factors work together to create a complex
picture for methane production. The concern is that
methane levels may rise dramatically if global
warming increases. Higher temperatures would cause
melting of permafrost in the northern hemisphere. As
organic matter from long-dead plants and animals is
released from the thawing permafrost and becomes
covered by water, more methane would be produced
by microbes.




Estimates
suggests that the
permafrost,
which underlies
nearly a quarter
of the Northern
Hemisphere,
contains 2.5
times as much
carbon as the
entire
atmosphere.

The potential for
large new
methane
emissions in the
Arctic is one of
the biggest wild
cards in climate
science.
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Methane Atmosphcric (_oncentrations

courtesy of Christian ]:rankcnbcrg—J PL




Long lerm Methane EMISSIONS
Average of Africa from the
SCIAMACHY-ENVISAT
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Long Term Methane Emissions
Average of Asia from the
SCIAI\/IACHY—ENVISAT Satelllte
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Long Term Methane Emissions
Average of North America from the
SCIAI\/IACHY—ENVISAT Satelllte
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Conclusions

Global methane levels were relatively stable for a
long time, because the total methane produced was
being offset by natural methane removal methods,
known as methane ‘sinks’. But atmospheric levels
are now increasing (since 2007).

Global budget (ie total source) relatively well
constrained.

Partitioning among sources still uncertain, esp.
tropical regions.

How does methane react to global warming (eg
thawing of permafrost)?

Anthronoaenic?



